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Abstract

The Engineering Developmentand Demonstration
(ED&D) program for the Accelerator Production of
Tritium (APT) project provides critical data necessary for
plant built onscheduleand within budget. TheED&D
program isbased orprioritized designdataneeds,and is
driven by aformal systems-engineering approadrhis
paper describes the current role of the project follite.
defenseprogram, the ED&D process, the functioastas
where ED&D activities are underway, key ED&D
activities, and how the technicaldata from the ED&D
program are used.

1 INTRODUCTION

The APT Core Technology Plan (CTP) [d¢lineates a
program of ED&D activities that suppodesign and
construction of the APT facility. The goal of tR&D

programs is to provide criticalatanecessary fothe APT

, NM 87544

Is it possible toprovide the datawithin budget and
time constraints?

In some cases, the result of this evaluation isetpire
a more conservative plawtesign to compensate for the
a S . :
unavailability of supporting data. When appropriate, a test
program is therundertaken to providthe necessarylata.
This formalized, systems-engineering approach
evaluating the DDNs hded to the establishment of an
extensive engineering development prograimed at
reducing technical, as well as cost@and schedule,
uncertainties.

to

2 THE ED&D PROCESS

2.1 The Systems Engineering Approach

A systems-engineering approach, illustrated in Figure 1,
identifies and resolves cost, scopend technical risk
issues related to design requirements.

to be built on scheduldased on a demonstrated technical APT Program objectivesare translatedinto goals,

foundation and avoiding costly over design.

1.1 APT Named Backup Tritium Supply
Option

On December22, 1998, Secretary of EnergyBill
Richardson announcethat the commercial light-water
reactor program will be the primary tritium supply optio

for the United States. The Secretary designated the APT.
the "backup" technology for tritium supply. As such

APT will prepare apreliminary designpackagefor the
plant, and will complete the essential technolog
development tosupport that design. AeducedED&D
program is still necessary. Details of themodified
program scopand schedule arstill being evaluated by
the Project.

1.2 APT ED&D Program Driven by DDNs

The ED&D activitiesare driven byformal, articulated
Design DataNeeds(DDNs). The DDNsare identified by
the APT design teamand transmitted to the APT
Technology Office, where they are evaluated and

prioritized. The evaluation criteria include several factors:

Can reasonable extrapolations be made from
existing data?
Is a new measurement needed?

" Work supported by the Department of Energy
" E-mail: jla@lanl.gov

0-7803-5573-3/99/$10.00@1999 | EEE.

n

requirements,and functions that must be met by the
design. During the design process, DDéis identified by
the relevant desigiteaders wheneveahe existingdatabase
is insufficient to fully support a design. At that time, an
assumption is made, then confirmedaodified, based on
the outcome of the ED&D program. If theompleted
designmeetsperformancegoalsand adequatgerformance

s achieved, the design process is complete. If the outcome
of the ED&D activity does not support assumptionade
earlierthat were required to proceedith the design, the
design must be modified and new DDNs must be

yformulated and addressed.

2.2 ED&D Activity Areas

There arefour major areas whereED&D activities are
underway:

e The Low Energy Demonstration Accelerator
(LEDA): to fabricate and operate alinac that
produces ahigh quality, ~10-MeV, 100-mA,
continuous-wave proton beam.

High-energy RF linadechnology:to develop and
test component prototypes for normadnducting
and superconducting high-energy linac structures
(cavities, cryomodules, powercouplers, etc.).
Included are activities in development and
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Figure 1. APT design approach

enhancement of RF power systeamsl high-energy
beam transport components.
Target/Blanket (T/B) performance and Materials
Studies including measurements @ilp and T/p;
radiation damageeffects from high-energy, high-
flux proton and neutron irradiation;and radiation
transport-code data  development  and/or
enhancement.

Tritium Separation Facility (TSF) studies: to
determine tritium-processing and separation
efficienciesunder conditions expected inthe APT
plant.

2.3 ldentified Key Activities

Key ED&D activities identified by the aboveprocess
include:

Demonstrate 100-mA proton beam at 10@uty
cycle through the LEDA Radio Frequency
Quadrupole (RFQ).

Demonstrate 100-mA proton beam at 10@uty
cycle through a Couple@avity Drift Tube Linac
(CCDTL) section of LEDA to a finalenergy of
~10MeV.

Determine proton/neutron irradiati@ffects on T/B
materials.

Develop and/orimprove radiation transport codes
and nuclear data libraries.

e Develop and confirm engineering desigdata for

separating tritium fromHe and hydrogen.

Confirm five-cell $=0.64 superconducting cavity

manufacturabilityand cavity performance; fabricate

and test a cryomodule for the0.64 cavities.

e Confirm manufacturabilityand performance of the
210-kW couplerand RFwindow assembly for SC
cavities.

e Determine performanceryeliability, and failure
modes of the new high-energy beam transport
(HEBT) raster expander prototype.

e Determine performancend manufacturability of
key RF distribution components,including
waveguideswitch, phase shifterand waveguide
valve.

e Determine performancend operability of beam
diagnostics for measuring transversatensity
distribution in the linacand HEBT. Included are
flying wire profile and gas fluorescence diagnostics.

3 ED&D PROGRAM RESULTS

The ED&D program provides technicalata on the
performance ofall critical components of the APT
facility.

3.1 Utilizing ED&D Program Data

ED&D dataresults will becomparedwith requirements
given in the Preliminary DesigRackage(PDP) and the
System Design Description§hesedatawill be utilized
to establish confidence in the design, in pinedictedplant
availability, and to reducecost when thedata warrants
design simplification. Thus, if at a laterdate the
Department of Energy decides to buitte APT plant, the
facility will be built correctlythe first time, onschedule,
andwithout recourse tacostly over-design. These results
should alscspeedthe commissioningprocessand ensure
that full capacity production is attained on schedule.

3.2 Justifying the ED&D Program

The ED&D program is expected to provide tieeded data
within the projected scheduleand resources. Specific
schedules for delivery of data and descriptions ohteeled
data arecontained inthe DDNs. The total cost of the
ED&D program is on the order of 10% of the project cost,
and is considered a very good investment.

The ED&D will be judged asuccess when thdata
produced warrants design simplifications allowing
reduction of designmargins and cost. Present-day
contingency estimates for the project greakgeed 10%
and it is expected that ED&D data will justifgduction of
those contingencies by more than the cost dafa
production.

Even results that do not simplify thgesign orreduce
cost are considered important and successful if they firmly
establish performance, thus validating design and
certifying cost within the existing contingencies.
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Nevertheless, there is technicakk in some APT means that not all of thidentified ED&D activities will
components thawvarrant carefulattention. It is possible be completed, the essential technologies willdeesloped
some resultscould be disappointing and may require and tested to support the PDP. The CTP will be revised to
design changethat increasecost moderately beyond the reflectthe changing scopeequired tosupport thePDP.
existing contingencies or cause moderate schedule slipsThe development of LEDAand the superconducting
technologies continue to be major activities within the
4 CONCLUSION ED&D program. The current schedule calls for the ED&D

With the Department of Energy’s selection of the APT AQctivities to be completed by the end of Fiscal Year 2002.
the backup tritium supply option, thdecision wasnade

to carrythe APT development tathe stage that a PDP 5 REFERENCES

could be generated. Taccomplish aradequatePDP, the 1. APT Core Technology Plan, Los Alamésational
technologydevelopmentdescribed inthe CTP must be LaboratoryReport, APT-CTP-002, August 2, 1997.
completed tosupport the preliminary design. While that
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